Introduction
Equine coital exanthema (ECE), caused by equid herpesvirus 3 (EHV-3), is an acute, venereal disease characterized by the formation of papules, vesicles, pustules and ulcers on the vaginal and vestibular mucosa as well as on the skin of the penis, prepuce and perineal region (Allen and Umphenour, 2004) . The disease has been described in most horse breeding populations worldwide, and has been proved the cause of considerable economic impact (Barrandeguy and Thiry, 2012; Tibary and Fite, 2007) . EHV-3 is primarily transmitted through coitus, even though there are also strong evidences of non-coital, iatrogenic spreading by virus-contaminated objects (Allen and Umphenour, 2004; Blanchard et al., 1992; Barrandeguy et al., 2010a,b) . The EHV-3 state of latency, with periodic EHV-3 reactivation and re-excretion, as well as the subclinical infection in mares at the age of breeding have been recently demonstrated (Barrandeguy et al., 2008 (Barrandeguy et al., , 2010c . Treatment of the disease is generally limited to sexual rest until the lesions have healed, to prevent further spread of the infection. Antiviral treatments, vaccination or other alternative treatments to prevent and control ECE remain largely unexplored (Barrandeguy and Thiry, 2012) .
Despite the fact that experimental transmission of ECE from infected mares to stallions by coitus and experimental reproduction of the clinical disease with material extracted from lesions had been previously successfully achieved (Burki et al., 1974; Girard et al., 1968; Monteverde et al., 1960; Krogsrud and Onstad, 1971) , an experimental reproduction model of ECE, based on inoculation with titrated low cell-passaged virus, was still not available.
The aim of the present work was to develop a protocol of experimental EHV-3 infection in horses capable of reproducing the lesions observed during the field outbreaks of ECE, and to investigate the virus shedding and antibody response patterns in experimental conditions, both in seronegative (naive) and in seropositive (previously infected and latently infected) mares.
Materials and methods

Viruses
For the first experimental infection, EHV-3 strain E/ 9283/07 isolated from lesions of a polo mare, infected during an outbreak of ECE in an embryo transfer facility (Barrandeguy et al., 2008) , was used as inoculum. For the second experimental infection, EHV-3 strain E/1333/07, isolated from lesions on the penis of an affected thoroughbred stallion, was used as inoculum (Barrandeguy, unpublished data) .
Before the final preparation of the experimental infection inocula, both EHV-3 strains were plaque-purified thrice on an equine dermis cell line (ATCC number CCL-57) and passed twice in the same cell culture. The inocula were titrated, aliquoted and kept at À70 8C until use. The virus titre was 10 6.5 TCID 50 /ml for the strain E/9283/07 (first experimental infection) and 10 6.66 TCID 50 /ml for the strain E/1333/07 (second experimental infection). These two strains are genetically distinguishable: the partial sequence of the gG gene revealed three base substitutions at positions 904, 1103 and 1264, and are therefore referred to as strain E/9283/07 CAG genotype and strain E/1333/07 ACT genotype (Barrandeguy, 2010) .
Animals
First experimental infection
Two EHV-3 seronegative mares, G (''gateada'') and R (''ruana''), of an estimated age of 8 and 5 years respectively, were used. The age of the mares was estimated by the presence or absence of permanent teeth and the agedrelated changes in the incisors. The animals were kept in isolation from other animals during the experiment.
Second experimental infection
Previously infected (seven months before) mares R and G and two new EHV-3 seronegative mares, A (''alazana'') and M (''malacara''), were used. The estimated age of M and A was 10 and 7 years old respectively. At the beginning of the experiment, mare M was 10-month pregnant.
The mares were always managed as two independent groups (seronegative and seropositive). Each group was isolated from one another, as well as from other horses, both before and during the experiment.
Veterinarians specialized in equine practice were in charge of the care, clinical examination and sampling of the animals.
Experimental design
The time frame between the first and second experimental infections was of seven months. During this period of time, mares G and R remained isolated from any other horses. Throughout the experiments the animals were kept and treated in accordance with the international standards regarding animal welfare (Anon., 1985) , and the experimental infection protocols were approved by the institutional animal care and use committee (Anon., 2007) .
The inoculum (4 ml) was topically inoculated in the vagina, on the vulva and on the perineal skin surrounding the vulvar labia, using a swab.
A back titration of the inocula was carried out after the experimental infection challenge.
Clinical monitoring
The animals were monitored by a veterinarian every morning. Body temperature and general clinical signs were recorded, and the genital and perineal skin and mucosa were thoroughly observed. A digital camera was used to record the evolution of the lesions. In addition, a clinical scoring system, by which a score was attributed to each observed lesion and/or clinical sign, was used to quantify the severity of the disease. The parameters considered were the presence or absence of congestion/tumefaction, vulvar discharge, pain at the moment of inspection, characteristics of the lesions (type, size, and number), and secondary bacterial infection or myiasis. The daily score of an individual mare was defined as the sum of the scores of all clinical signs and lesions observed in a day. A total clinical score was calculated for each animal at the end of the experiments (Table 1) .
Clinical samples
Perineal vaginal swabs (PVS) for virus detection and titration were daily collected by roughly rubbing the perineal/vaginal area with an ''in-house made'' sterile swab. After sampling, the clinical material obtained was poured into 5 ml of viral transport medium supplemented with 5% foetal calf serum (Heuschele and Castro, 1992) , and immediately transported in ice to the virology laboratory.
Unclotted blood was also daily collected using tubes containing EDTA for routine haematology tests. Blood for serum was collected once a week (every Tuesday, for 2 months). The PVS and serum samples were stored at À70 8C and À20 8C respectively, pending laboratory studies.
EHV-3 detection and measurement of virus excretion by quantitative real time PCR
DNA was obtained from PVS using a commercial DNA extraction kit according to the manufacturer's instructions. To detect and quantify EHV-3, an adapted quantitative real time PCR assay, targeting a region of the EHV-3 gG gene as shown by Seki et al. (2004) , was carried out (Barrandeguy et al., 2008) . Quantification of EHV-3 in the PVS was calculated by generating a standard curve with log dilutions of the reference strain containing 10 6.50 TCID 50 / ml and expressed as TCID 50 equivalents.
Characterization of the excreted virus by DNA sequencing
The partial-length glycoprotein G (gG) gene, from nucleotides 802 to 1298, was amplified by PCR (Dynon et al., 2001 ) from DNA extracted from EHV-3 positive PVS from each mare, in both experiments, and unpurified PCR products were sequenced (Unidad de Genó mica, Instituto de Biotecnología, CICVyA, INTA-Castelar). The obtained nucleotide sequence data were assembled and aligned using the BioEdit Sequence Alignment Editor V7.0.5 program (Hall, 1999) . The obtained sequences were compared with the sequence of EHV-3 strains used as inocula in both experiments.
Serum neutralization test
Antibodies against EHV-3 in blood serum samples were detected by the serum neutralization test, as previously described (Barrandeguy et al., 2008) . Neutralizing antibody titres were expressed as the log 10 of the reciprocal of the highest dilution that completely inhibited the EHV-3 cytopathic effect.
Results
The back titration of the challenge virus revealed that the titre did not suffer a significant change after the experimental infections, being 10 6.00 TCID 50 /ml for the strain E/9283/07 (first experimental infection) and 10 6.33 TCID 50 /ml for the strain E/1333/07 (second experimental infection). Mares showed neither hyperthermia nor systemic clinical signs, and the haematological pattern remained normal throughout both experiments.
The typical ECE lesions (vesicles, pustules, erosions and ulcers, of different types, sizes and numbers) were observed in all of the mares (Fig. 1) .
The daily and total clinical scores for each mare are shown in Tables 2 and 3 , for the first and second experiment respectively. The total clinical scores were 172 and 90 for the two seronegative mares included in the first experiment (Table 2 ). The total clinical scores obtained during the second experiment were 160 and 92 for the seronegative mares, and 53 and 41 for the seropositive mares (Table 3) .
Virus shedding was detected by quantitative real time PCR in all mares. The duration and intensity of virus shedding for mares R and G in the first experiment and for mares A, M, R and G in the second experiment are shown in Fig. 2a and b respectively. Excretion started between 1 and 2 days post infection in the seronegative mares, and 4 days post infection in the seropositive ones; at peak, virus excretion was as high as 10 5.50 and 10 4.00 TCID 50 /ml equivalents in the seronegative and seropositive mares respectively. Viral excretion lasted 12 days in mare R and 16 in mare G (1st experiment), and 20 days in mare A and 12 in mare M (2nd experiment), while it lasted 10 days in mare R and 8 days in mare G during the second experiment (both R and G were seropositive mares). By analyzing nucleotide sequence alignments, it was determined that the EHV-3 shed during the first experimental infection by mares G and R, belongs to CAG genotype and the EHV-3 shed by mares G, R, A and M in the second experimental infection belongs to ACT genotype (Fig. 3) . These results confirm that, in both experimental infections, the shed virus was identical to the challenging virus.
Antibody response, as measured by serum neutralization test, was detected after infection in all the mares in both experiments, being the increase in antibody titre more evident in the seronegative than in seropositive mares ( Fig. 4a and b) . In the seronegative mares, neutralizing antibodies were detectable 7 days after experimental infection and remained between 2.1 and 2.7 (log 10 reciprocal of serum dilution) until the end of the study (2 months). Regarding the seropositive mares, the antibody titre increased from 1.5 to 2.7 (log 10 reciprocal of serum dilution) in one of them and from 2.1 to 2.7 (log 10 reciprocal of serum dilution) in the other one, 7 days post infection. In the presence of scabs as a consequence of the healing process, in all lesions a score of 0 was attributed. 1  1  2  2  2  2  2  2  2  2  2  2  2  2  2  1  0  29  M  0  1  1  1  2  2  2  2  2  2  2  2  2  1 
Discussion
A topical experimental infection with EHV-3 was able to produce ECE clinical signs, which were closely similar to those previously described during field outbreaks (Barrandeguy, 2010; Tibary and Fite, 2007 Seki et al., 2004 ). This experimental model was even able to produce clinical signs and virus shedding in seropositive (previously infected) mares. Initial neutralizing antibody titres in mares R and G in the 2nd experiment evidence previous active specific immune response, which could contribute to the mitigation of clinical signs, as observed in those mares with respect to the seronegative ones. The immune mechanisms that control the EHV-3 infection are yet unknown, but mucosal and cell-mediated immune responses could also play a role as in other herpesvirus infections (Roizman et al., 2007) . In a transmission experiment carried out by Krogsrud and Onstad (1971) , a mare with increased neutralizing antibodies due to a natural clinical EHV-3 infection (which had taken place 4 months before the time of the experiment) did not show any ECE typical clinical signs. In our conditions, however, mild lesions were still observed. This may reflect differences in the level of the protective immune response between animals.
Like in other similar works (Dal Pozzo et al., 2009) , the use of a scoring approach allowed us to appreciate the effects of infection in each individual, describe precisely the progression of the disease over time, and compare its consequences between the mares. The total clinical score of mare G (first experiment) was highly similar to that of mare A (second experiment). These mares showed more severe ECE clinical signs than mares R (first experiment) and M (second experiment), all of them seronegative at the time of experimental infection. The variation of total clinical scores among seronegative mares (90, 92, 160 and 172) could not be associated with age, gestational status or other conditions. Allen and Umphenour (2004) described that the severity and duration of the disease vary considerably among individual horses; nevertheless, in uncomplicated cases, healing of the lesions is complete by 10-14 days. Regarding the seropositive mares, the total clinical scores (53 and 41) observed in R and G during the second experiment were similar between them. Virus shedding was detected in all mares, but differences in the duration (days) and intensity (virus load) were found, being 12, 16, 20 and 12 days (duration) and 10 5.50 (virus excretion titre at peak) in seronegative mares versus 10 and 8 days (duration) and 10 4.00 (virus excretion titre at peak) in seropositive mares. The range of variation in clinical scores and virus excretion could be more precisely assessed by using a greater number of animals in further investigations. The presence of discrete clinical signs (total clinical scores of mares R and G in the second experiment were 53 and 41 respectively) in seropositive mares reflects the effect of an immune response that was, however, insufficient to prevent re-infection and virus shedding.
Assuming that mares G and R were latently infected at the time of the second experimental topical challenge with EHV-3, the virus recovered post infection could have been the product of a reactivation process. In order to elucidate this point, the gG gene of the virus shed by each mare was sequenced, revealing that mares G and R were reinfected with EHV-3 at the time of second experimental challenge. This fact clearly demonstrates that reinfection is possible: mares which had been previously infected and presumably carried the virus as latent infection can suffer a new EHV-3 infection and shed virus to the environment. This point could be relevant in field conditions, as latently infected mares may not only reactivate the virus and shed it (Barrandeguy et al., 2010c) , but also be reinfected and shed a second virus to other horses. The establishment of a latency stage with the second virus may also be hypothesized but needs to be demonstrated.
As previously reported, experimental infection had no effect on gestation ( Van der Meulen et al., 2006; Allen and Umphenour, 2004) . Mare M, which was pregnant at the beginning of the experiment, carried its pregnancy to term and delivered a clinically healthy foal 18 days post infection.
Topical inoculation of EHV-3, as carried out in this work, closely mimics the situation that can occur in natural exposure to the virus by coitus and also in the embryo transfer and artificial insemination practices (Allen and Umphenour, 2004; Barrandeguy et al., 2010a) .
The accuracy and reproducibility of the experimental infection protocol described will be further evaluated by using a larger number of animals and equalizing the age of the mares as much as possible.
Although carried out in a small number of animals, the experimental protocol presented in this study consistently reproduced the lesions observed in natural outbreaks of ECE. It can thus be used to monitor the virus shedding patterns and neutralizing antibody kinetics, and could therefore be very useful for future EHV-3 research including antiviral therapy and other preventive or therapeutic measures.
